A systematic mechanistic study is reported for the aquation and nucleobase binding process of a series of Ru II and Os II arene-based anticancer drug complexes using density functional theory and COSMO implicit solvent model. The structures of Ru II and Os II complexes are similar to each other because of lanthanide contraction of osmium. However, the aquation was substantially more facile for Ru II complexes than Os II complexes. As to nucleobase substitution, various possible paths were explored based on considering the initial conformation of ethylenediamine (en) and the orientation of guanine (G) and adenine (A). Both Ru and Os complexes exhibited much lower free energy barrier for G than A. This observed predominance toward G mainly originated from larger stabilization energy for the initially formed complex, compared with A, in combination with favored kinetics and thermodynamics. Moreover, the calculations indicated that pK a s of Os-bound water molecules were uniformly much lower than those of Ru-bound water molecules. Analysis of the natural bond orbital (NBO) charge reveals that Os II has a higher net positive charge than Ru II , leading to a stronger electrostatic attractive interaction between Os II and chloride or water, resulted in higher activation barrier for their departure. These differences between Ru II and Os II en complexes discussed in our study may partly explain the inertness of the Os II complexes in biological system.
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Introduction
It is well-accepted that the most widely used anticancer compounds in chemotherapy, platinum-based drugs, bind to genomic DNA in the cell. Despite their success, these agents exhibit a number of dose-limiting side-effects, including fatigue, nausea, nephro-and neurotoxicity, and the issue of acquired resistance [1, 2] . There is need for new metal-based drugs that offer better viability, which might help to overcome existing chemotherapeutic limitations.
Because of the diversity in coordination chemistry of ruthenium, much effort has been directed in the last decade towards Rucentered anticancer drugs [3e5] . Based on the model of cisplatin, some ruthenium (III) complexes have demonstrated favorable antitumor properties toward a number of in vitro and in vivo tumor models while showing lower systemic toxicity than platinum(II) compounds [6e8] . Among them, NAMI-A and KP1019 have recently completed phase 1 clinical trials [7] . Another group of cytotoxic Ru compounds are Ru II complexes were investigated using the DFT (PW91) method [29] . The binding energies between the metal (Ru and Os) centers and the surrounding ligands were investigated with DFT, and the results were in good agreement with data obtained using electrospray ionization mass spectrometry [42] . A study on structural and energetic properties of organometallic Ru II diamine anticancer compounds and their interaction with nucleobases using the DFT (BP86) and MP2 calculations together with Car-Parrinello molecular dynamics has been reported by Rothlisberger and coworkers [43, 44] . They also investigated the binding processes of two Ru II arene complexes to double-stranded DNA and characterized the resulting structural perturbations using classical and QM/MM molecular dynamics simulations [45] . More recently, the structure, stability and reactivity of [(h 6 -arene)Ru II (en)Cl] were further characterized by Burda using several theoretical methods [46] .
Arene metal complexes exhibit a rich structural diversity and can be fine-tuned by changing the nature of the metal center (Ru II 1&2, 3&4 and 5&6 differ in their central metals and 1&3&5 and 2&4&6 differ in their arene ligand. In the first part of the present study, we explored the similarities and differences in the aquation for Ru and Os complexes. Subsequently, the nucleobase substitution of Ru and Os complexes was examined. Finally, we investigated the pK a of the complexes to further understand the aqueous chemistry of this type of arene complexes. We have sought to correlate their differences in aqueous reactivity and nucleobases binding with cytotoxicity toward cancer cells from thermodynamic and kinetic point of view.
Computational details
The general structure of this class of complexes is drawn in Scheme 1, where a pseudo octahedral arrangement of the Os and Ru is assumed. The compounds of [(h 6 
, Os 2þ ) were examined using DFT methods with B3LYP
hybrid functional [49, 50] , which was demonstrated to be an effective tool for the theoretical studies of metal complexes [46, 51, 52] . The 6e31G** basis sets were employed for H-, C-, N-, Oand Cl-atoms, and the LanL2DZ basis set was employed for Os and Ru [53e55], labeled as BS1. Geometry optimizations were then redone using the COSMO implicit solvent approach with dielectric constant ε ¼ 78.36 [56, 57] . Thermal energies were extracted from vibrational frequency calculations, which were used to verify the correct nature of the stationary points at 298.15 K and 1 atm. The frequency calculations also served for confirmation of the correct character of transition state (TS) structures as well as reactant and product (super) molecules. The natural bond orbital (NBO) analysis was performed at BS1 level [58, 59] , which was implemented in the Gaussian 03 program [60] . To obtain accurate energies for the reaction surfaces, single-point energies were further calculated based on the COSMO optimized structures using a higher basis set of LanL2DZ-(f) used for Ru and Os (z f ¼ 1.235 for Ru and x f ¼ 0.886 for Os) [61] and 6e311þþG** for all other atoms, labeled as BS2. As Scheme 2 shows, the first reaction profile determined was the substitution of chloride by water, namely, aquation; the second reaction profile was the replacement of the aqua ligand with model nucleobases (G and adenine (A)), because they are the preferred nucleotide binding sites for many transition metal ions. Reaction rates were calculated for aquation and nucleobase substitution using transition state theory. The Eyring equation was employed to obtain the rate constant, k. The standard concentration (c 0 ¼ 1 mol/ L) was considered:
where k B is the Boltzmann constant, T is the absolute temperature, h is the Planck constant, and DG s is the activation free energy [62] .
Models were create with the aqua adducts deprotonated to form the inactive hydroxo species depending in the solution pH as shown in Scheme 2. The pK a value of a compound indicates the relative concentrations of the protonated and deprotonated forms in a solution of given pH [63e65], pK a ¼ DG sol =ð2:303RTÞ (2) where DG sol is the Gibbs free energy at 298 K for the deprotonation reaction, calculated as described in Scheme 3, R is the gas constant, and T is the temperature. Experimental values for G(H calculations, all geometry optimization and single-point calculations were carried out using the Gaussian 09 program [66] .
Results and discussion
For readability, simple acronyms are used throughout instead of the full chemical formulas with ligand abbreviations. Definitions of abbreviations used are displayed in Appendix.
Geometries
The optimized geometries at B3LYP/BS1 level are showed in Fig. 1 . The X-ray structures determined by Sadler were used as the starting points for 1, 3 and 4 (see in Fig. 1 ) [20, 23, 24, 40, 41] . Others were modified based on the existing structures such as 1, 3 and 4. It was found that all of the computed selective bond lengths in gas phase are slightly longer than the corresponding experimental ones, which could be regarded as the systematic errors caused by the computation method/basis set and environment factors. After considering the solvent effect, the MeCl bond length increased significantly and its variation is greater than that of the MeN bond length, suggesting greater solvent effect on chloride than nitrogen. This is consistent with the relatively larger molecular volume of the chloride atom than nitrogen atom. Because of lanthanide contraction, arene complexes of the heavier congener Os II display structures very similar to those of Ru II , which have the familiar pseudooctahedral "three-legged piano stool" geometry, with central metal p-bonded to the arene ligand (the "seat") and s-bonded to chloride and chelating en (the three "legs" of the piano stool). The variation of the arene in [(h 6 -arene)M(en)Cl] þ slightly influence the MeCl bond (see Fig. 1 ). The MeCl bond lengths are nearly the same (about 2.48 Å in solution and 2.43 Å in gas phase, respectively), even though the ligand exchange rates are different, which were in agreement with the experimental observations [41] . It should be noted that the orientation of the isopropyl (i-Pr) on the p-cymene ligand has somewhat changed, compared to crystal structure in which two methyl groups of the i-Pr pointing downward to the metal site [20, 23, 24, 40, 41] . In addition, the biphenyl unit twisted by about 30 , while a twist of about 10 is observed in the crystal structure. Therefore we inferred that its deformation originated from crystal packing effects. It has been proposed that on replacing p-cym with bip, the increase in cytotoxicity of [(h 6 -bip)Ru(en)Cl] þ may be partly the result of the ability of coordinated bip to intercalate into DNA [23, 24] .
Hydrolysis process
Anticancer complexes such as cisplatin and their analogs were predominantly present as their less reactive intact chloride species at high chloride concentration (resembling that in blood plasma), while they were present as the active hydrolyzed form in lower chloride concentrations (resembling that in the cell nucleus) [67, 68] . It was proposed that the Ru II and Os II arene anticancer complexes were activated via the same mechanism as cisplatin and their analogs [28, 29, 40, 41] . Theoretical investigations on this activation process should play an important role on optimizing their design as anticancer agents.
Aquation model
The initial reactants are from the above corresponding optimizing structures with an added water molecule. The water molecule could be attacking in three orientations: back and sides. A previous study performed in our laboratories demonstrated that the water attack in the back was unfavorable because of the large conformational change [69] . In 5 and 6 for example, there were two possible side attacks from the both sides of chloride ascribing to the unequal nitrogen of diamine, which are depicted in the Fig. S1 . From the energies of these possible transition states, one can see that the energy difference between TS and TS 0 is less than 0.5 kcal/mol for both 5 and 6. The conformation of the complexes studied is complex, and several local minima could be found for reactants and products. Consequently, in the following we only discuss those transition states pertinent to the mechanism. 
Structural characteristics
The hydrolysis reactions of the complexes investigated are characterized by an exchange of two ligands, the chloride anion and the water molecule, which belong to the class of second-order nucleophilic substitution (S N 2) reactions [70] . As shown in Fig. 2 To better understand the aquation process, the natural bonding orbital (NBO) charges were computed and presented in Table S1 and Fig. S2 . In line with the structural changes in the aquation of the complex, the largest charge variations also occur in the three atoms in the reaction center, that is the central metal, incoming water and leaving chloride anion. This is also consistent with the largest bond length variation of MeCl and MeO (wat) . It can be noted that the tendencies of these charge variations can be described as a common S N 2 reaction mechanism, which is similar to Pt and Ru anticancer complexes investigated by Zhang and Chen [71, 72] . It can be noted that the positive charge on Os is higher than that on Ru by about 0.14, on account of the better Lewis acid capability of Os. In addition, it was also found that the charge difference between OseCl is larger than RueCl, suggesting that there is significantly stronger electrostatic attraction for OseCl than RueCl. Consequently, the stronger electrostatic effect of OseCl leads to the higher activation energies of aquation (substitution of chloride by H 2 O), partly explaining the origin of the inactivity of osmium arene complexes.
Reaction profiles of the aquation
The present work was based on the analyses of the R-IM1-TS-IM2-P stepwise hydrolysis process. From Fig. S3 , the energy profile of this process belongs to the class of second-order nucleophilic substitution (S N 2) reactions. Energies, enthalpies and free energies of activation were calculated and summarized in Tables S2 and S3 , respectively. Due to the nature of the S N 2 mechanism in these hydrolysis reactions, the rate-determining step is from the first intermediate toward the second intermediate via the transition state (step IM1 / IM2) as listed in (ii) A direct trans reaction pathway. (iii) A 2-step trans mechanism. They concluded that the activation energies for the cis pathway are smaller than for the trans pathways [44] . But the cis pathway they located was not the most favorable one as our work demonstrates. Burda and coworkers had studied both G and A substitution reactions with only one pathway for each, which was demonstrated to be one of the possible pathways explored in our study [46] . Platts and coworkers explained the selectivity of diamine ruthenium arene complexes only from the thermodynamic perspective [47] . By contrast, not much is known about the chemistry of reaction of osmium arene complexes with nucleobases relative to analogous ruthenium complexes.
The following work was conducted to explore different pathways to describe the reactions of Os II and Ru II arene complexes with nucleobases. The [MeH 2 O þ G (A)] as a reference state is adopted to compute the activation barriers. Only the G and A cis to aqua ligand reactions were considered, because the trans to aqua was demonstrated to be unfavorable [44] . The computed relative energies of the intermediates and transition states of reaction processes along with their solvation energies, thermal corrections to the zero-point energies, enthalpies, and free energies in water solution at 298.15 K are collected in Tables S4eS7. 
Guanine-water exchange reaction
The reaction of Ru arene complexes in the G substitution process is schematically illustrated in Fig. 3 . The reactants are the aquation products RueH 2 O and G. Previous experimental and theoretical works suggested that the en nitrogens are not equivalent [26, 27, 43, 44] . Consequently, considering the dihedral angle flip of the en and the orientation of the G, the aqua complex could bind to G in four possible ways, RCa, RCb, RCc and RCd (Fig. 3) . The key features and relative energies of these species are displayed in Fig. 3 and Table 2 . The relative stability of these four isomers is rationalized by the consideration of the H-bonds between coordinated water, guanine and en. There are H-bonds (en) NeH/N7 (G) and (G) O6/HeO (wat) in RCa and RCb, and H-bonds (G) N7/HeO (wat) and (en) NeH/O6 (G) in RCc and RCd. RCc and RCd are more stable than RCa and RCb. Consequently, the overall trend is as following: RCd z RCc > RCb z RCa.
Four pathways are located and each of them was explored starting from RCa, RCb RCc and RCd, respectively. RCa and RCb passed through a 2-step reaction a and b, in which step 1 is that the (G) O6 exchanged with coordinated water to yield (G) O6 adducts; Fig. 3 . Schematic drawing of the optimized structures for G substitution for Ru-H 2 O complexes. The distances reported are in Å. the subsequent step 2 is an intramolecular ligand exchange reaction via a chelate TS O6eRueN7 to yield (G) N7 adducts. For path a and b, the optimized structures of the species located along the paths are very similar except the difference in dihedral angle of the en. RCa and RCb can be very easily exchanged by flipping the dihedral angle of en. They are almost isoenergetic and lie about 4.4 kcal/mol higher than the reactants. The first step results in a complex with guanine coordinated through the O6 site (IM1a/ IM1b). This structure subsequently changes to the more stable N7 adduct passing a metastable O6eRueN7 chelate (TS2a/TS2b). In products RueGa and RueGb, the hydrogen bond between O6 and hydrogen of amine was formed as expected in previous experiments and theoretical work [23, 24, 26, 27, 43, 44] . RueGb is more stable than RueGa in free energy by 1.8 kcal/mol [23, 24] . Therefore, RueGa will rearrange itself to the more stable isomer RueGb ascribing to the small barrier of the twisting of diamine [43, 44] .
Step 1 is the ratedetermining step for both paths. It is noteworthy that one possible pathway proposed by Burda corresponds to path b in our calculation, which exhibits a slightly higher barrier of 20.9 kcal/mol in the rate-determining step than path a, which is 19.5 kcal/mol.
RCc and RCd are different with RCa and RCb in the orientation of G, and demonstrated to be more stable, 2.7 and 2.3 kcal/mol, respectively, relative to reactants. Path c is a concerted process in which RCc directly transformed to IM1c through a transition state TS1c with a much higher activation free energy of 24.9 kcal/mol. In TS1c, the RueN7 and RueO (water) distances are 3.19 and 2.84 Å, respectively, indicating an interchange that is dissociative in character. Deubel reported a TS for the reaction of G with RueH 2 O, which is in agreement with our structure of TS1c [48] . Unexpectedly, RCd also passed through a 2-step reaction like RCa and RCb. But the activation free energies for both of the steps were almost equivalent and calculated to be about 20.0 kcal/mol. In the final products, RueGb and RueGc, RCa and RCd, are enantiomers to each other. Among the four possible paths, it was found that 2-step paths a, b and d exhibit similar energy barriers much lower than the concerted path c. Path a has the lowest activation barrier of 19.5 kcal/mol, with rate constant being 2.9 Â 10 À2 s
À1
, in very close agreement with the experimental data of 1.13 AE 0.02 Â 10 À2 s À1 , which was determined by reaction of RueH 2 O with cGMP at 298 K in pH being about 7.0 [25] . It should be noted that 2-step mechanism proceeds via initial O6 binding of the G, but in dsDNA, the guanine O6 atom is involved in WatsoneCrick hydrogen bonding with a cytosine C4eNH 2 of the complementary strand. Therefore, 2-step mechanism remains plausible for single stranded DNA or RNA rather than for undistorted double-stranded DNA [44, 45] .
As Fig. S4 shows, the reaction of OseH 2 O with G is analogous with RueH 2 O. Considering the dihedral angle flip of the en and the orientation of the G, the aqua complex could bind to G in four possible ways and the overall trend is as following: RCd > RCc > RCa z RCb (Table 3) , which is rationalized by consideration of the H-bonds similar to G adducts of Ru. We found three stepwise paths a, b and d, and step 1 is the rate-determining step for all of them. Path c was a concerted process with an a See Ref. [25] . Table 3 The relative energies (kcal/mol) and rate constants k (s
) in water solution for G substitution for OseH 2 O complexes. slowly with 9EtG [40, 41] , and was as cytotoxic to human A549 lung and A2780 ovarian cancer cells as the drug carboplatin only at ambient temperature in the dark [40] . 
Adenineewater exchange reaction
As illustrated in Fig. 4 , the aqua complex RueH 2 O could also bind to A(N7) in four possible ways, RCa, RCb, RCc and RCd, considering the dihedral angle flip of the en and the orientation of the A. The relative stability trend is as following: RCb z RCc > RCd z RCa (Table 4 ). In RCa, there are two H-bonds: (A)N6/H(wat) and (A)N7/HeN(en). In RCb, hydrogen bonds are formed from N7(A) to the H of both water and amine, with A almost vertical to the benzene plane. RCc and RCd are characteristic of two H-bonds: (A)N7/H(wat) and (A)N6/HeN(en). They can be easily exchanged by inverting the dihedral angle of en [43, 44] .
Four reactant complexes are corresponding to four paths, a, b, c and d, respectively, which reacted via concerted transition states to form the A adducts. These processes proceeded through TS1a, TS1b, TS1c and TS1d, respectively, in which the departure of the water and approach of the A resulted in N7 (A) adducts IM1a, IM1b, IM1c and IM1d, respectively. It could be noted that TS1a has a similar structure to the transition state for A substitution reported by Burda previously [46] . The activation free energies of these processes are 25.7, 24.0, 26.7 and 26.0 kcal/mol, respectively (Table 4) , which are almost equivalent and thus are competitive. Among the four paths, path b exhibits the lowest activation energy barrier. The corresponding reaction rate is 1.6 Â 10 À5 s
À1
, slower by about three orders of magnitude than G substitution. The stability of the isolated products are: RueAa z RueAd > RueAb z RueAc. The products RueAa/RueAd and RueAb/RueAc are geometrical isomers in which only the diamine dihedral angle orientation is different. Fig. S5 and Table 5 summarized the structure and energies of the reaction of OseH 2 O with A. The aqua complex OseH 2 O could also bind to A(N7) in four possible ways, RCa, RCb, RCc and RCd, considering the dihedral angle flip of the en and the orientation of the A. The relative stability trend is as following: RCc > RCd > RCb > RCa (Table 5 ). The reaction process is a little different from that of ruthenium. There is a dissociative path a starting from RCa in which the coordinated water molecule was firstly dissociated to form the unstable IM1a, and then through binding N7(A) to yield the product IM2a. Two concerted paths b and c are also found for this process. Path c has the lowest free energy of activation, 26.2 kcal/mol, higher than that of ruthenium complex by 2.2 kcal/mol. Path d was failed to locate because of the steric reason. The isolated products OseAa/OseAd and OseAb/ OseAc are geometrical isomers in which only the diamine dihedral angle orientation is different. They are more stable than the reactants by about 6.0 kcal/mol.
Site selectivity between A and G for Ru and Os Arene diamine complexes
Through examining the energy profile (Fig. 5) of the G and A reaction with the most favorable computed pathways, we found three factors for the preference of G substitution over A. First, the energy of reactant complexes with A (6.0 and 5.4 kcal/mol for RueAeRCb and OseAeRCc, respectively) is higher than that of reactant complexes with G (4.4 and 3.1 kcal/mol for RueGeRCa and OseGeRCa, respectively), indicating that the formation of A adducts is thermodynamically not favored. Secondly, the calculated activation free energy of G substitution is 19.5 (21.5) kcal/mol, whereas it is 24.0 (26.2) kcal/mol when A is used for Ru (Os) arene complexes. The 4e5 kcal/mol difference between the relevant transition states for the A and G reactions translates to a ratio of reaction rates of about three orders of magnitude. Thus, the A reaction with diamine arene complexes will proceed quite slowly under reasonable conditions. Finally, the G exchange reactions are calculated to be significantly more exothermic for both Ru II and Os II arene complexes (À10.8 and À12.6 kcal/mol for Ru and Os complexes, respectively), in comparison with A exchange reaction (À4.1 and À6.4 kcal/mol for Ru and Os complexes, respectively). In addition to the energetic evidence for nucleobase selectivity, the hydrogen bonding could also be taken as a rough way to illustrate the selectivity of Ru and Os arene diamine complexes. There is strong interaction between hydrogen of amine with O6 of G which may play an important role in the biological activity, since DNA is a potential target site for these complexes [23, 24, 26, 27, 43, 44] . Moreover, the size of the lone-pair lobe at N7 position is larger for G than A as demonstrated by Lippard [73] , indicative of a larger interaction between G and the metal center.
The þ2 charge of Ru and Os arene diamine complexes indirectly gives rise to proton transfer from the benz-M-en moity to the substituting nucleobase in some of the calculated stationary points. For all reactant complexes (RC) of G and A, partial proton transfers from water ligand or amine of en to N7 (G or A) were observed. This is especially obvious for Os arene complexes as they generally possess stronger Lewis acidic characteristics (In OseAeRCb, the N7 was even completely protonated with N7eH distance being 1.09 Å).
pK a value of MeH 2 O
Depending on the pH of the cell and the pK a of the aqua adduct, the complex can be presented in either the less reactive hydroxo or in its reactive aqua form. Therefore, the pK a of aqua adducts is important with respect to optimizing the efficacy of Ru II and Os II arene complexes. The pK a of Ru II arene pta complexes (pta ¼ 1,3,5-triaza-7-phosphaadamantane) and their hydrolysis products has been well reproduced by DFT [63] , which stirred our interest in calculating the pK a of the complexes studied. From Table 6 , the trend of calculated pK a is consistent with the experimental observation that Os II arene complexes (OseH 2 O/OH) are more acidic than the analogous Ru II arene complexes (RueH 2 O/ OH) [41] . For example, the pK a of 12.3 for 2 is higher than that of 7.8 for 1. Parallel observation was also observed for 3 and 4, 5 and 6. The calculated pK a values substantially overestimated the experimental data by about 0e4 pK a units. These are understandable [64] . MeH 2 O/MeOH pairs considered in this study bear molecular charges from þ2 to þ1, and the prediction of solvation free energies is inherently problematic for highly charged species. As this study focuses on their relative differences, the computed "pK a " values corresponding to hypothetical conditions should only be interpreted as an indication for the relative acidity or basicity of the corresponding compound rather than as a measurable quantity. Therefore, it is possible that relative pK a calculations allow one to predict the unknown pK a of newly designed compounds from the known pK a of the investigated compounds. In order to better understand the pK a of the aqua complexes, the natural bond orbital (NBO) charges of central metal q (M) and oxygen of coordinated water q (O) in the optimized aqua complexes were calculated at B3LYP/BS1 level. The q(M) of p-cym and bip are lower than benz, indicating stronger electron donation of p-cym and bip into the empty d orbitals of Ru and Os. Moreover, there is higher positive partial charge on the Os compared to Ru, corresponding to the lower pK a of the osmium complexes. This indicates that inactivity of osmium arene complexes mainly originates from the formation of the inactive hydroxo forms ascribing to their low pK a .
Conclusions
A series of potential anticancer Ru II and Os II diamine complexes with different arene ligands were investigated using DFT method and implicit solvent model COSMO. The aquation proceeded through S N 2 reaction mechanism. The reaction barriers and rates were obtained for aquation of the complexes, and it was revealed that the rate of aquation was very slow for Os complexes although their structures are similar to those of Ru complexes. This partly explains the inactivity of the osmium arene complexes. In addition, the character of the arene ligand slightly influenced the reactivity of this type of complexes. In the reaction of MeH 2 O with purines, four possible alignments of the purines with respect to MeH 2 O, corresponding to four separate reaction paths, were found. The relative stability of the reactant complexes was rationalized by the strength of the Hbonds. In the G substitution, path a is the most favorable path for both Ru and Os complexes and this closely agrees with experimental measurements. The G substitution involved the direct attack of O6 to give an intermediate which then was converted to the final N7 adduct. The A substitution was a concerted step with dissociative characteristics. Both Ru II and Os II complexes showed high discrimination between G and A, which could be inferred from the following facts: first, the energy of reactant complexes with A was much higher than that of reactant complexes with G; Second, the barrier difference between G and A was as high as 4.5 (4.7) kcal/ mol for Ru (Os) arene diamine complexes. Third, the exchange reactions for G were calculated to be significantly more exothermic than those of A for both Ru II The calculated pK a values were in close agreement with experimental trends and demonstrated that the water coordinated to Os center is substantially more acidic than coordinated to Ru center. These results suggested that the inactivity of Os complexes was mainly due to their lower pK a and slower aquation, which might contribute to understanding the observed contrasting biological properties for Ru II and Os II arene complexes.
